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“URSTION #1. What is meant by the term Alternating Current? 
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Define: Instantaneous value. ‘ 
Tustantansous value is a term wu rrin { 
the vaiue of emf or current at uring 
eyelee The emf is continually ec efore, in 
order to state ite value it is state it 
for a given instant. At any cth will be 
greater or less than this value. 
Give Al 


zebraic Symbols and Equations for computing 


instantaneous values cf IMF sand instsntanecus value of 
eurrente 


When the 2 the sine wave, the equation 
for find aneeus Vetus of voltage in sn 
alternat a follows 
= 2 as ! 
@ 5 Um Sin ¢ 
Wheres: & = L[ustantarecus voltage. 
Ta num GAZ. 
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i= Im Sin ¢ 
Wheres i = instantaneous current. 
Iz; = maximum current. 
g = @leetrical sngle (in dezrees). 


Compute by two methods for instantaneous value of emf 
when msximum value is 600 volits at 65° 


fOe Sormula: ¢ « TM Sin ¢ 
Substituting: ¢@ = 600 x .906 (By equation) 
@ = 543.6 voltse ANSe 
{By vector) 
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-UTSTION _ Define Average value ef an Alternating Current. 


ANSWER F7. The averass va ius of an siternmsting current ia ths 
average of all instantaneous values regardless of sig 
If the average was found, taking into considersatien 
the signs, the result woulda be zero, since the nezga- 
tive values are exactly equai to the positive values. 
But the signe only indication the direction of curren 
flow, so, if the average was computed it would be fam 
to be 0,637 times the imum value: 
Bay 223357 Sm 


Where: Zar 
Tay 
Ft ay 
eb ha o 
Tm Maximum pueeae 
O,487 = Conetan ite 


The average value is very sel@om used, It is used only 
te compute the waximum value. 


cUESTION #8. Define BSffective value of an Alternating Current. 
ANSWER #8. Alternating current is rated by its effective value, 


sll meters in an sltermating current ¢ireult register 
effective values. A standard ampere in direct current 


is the current thot will devosit 4 certain amount of 
silver in a certain ti: but alternating current 
would deposit silver * st half of the eyecle and 
tske it off when the reversed, so, it is nec- 
essary to rate altern urrent by the heat that i 
Will croduce. It is rat amperes and ies foun 
be slightly greater th average value, te 
0.707 times the maximu e: 
EB 2 0.707 Em 
and 
* 0.707 Im 
Vhers: Ss 
Li 
The reason the effective value is slightly greater 
¢ than the average value is that the effective walue is 
the square root of the average of the squares of the 
instantaneous values, while the average value ig merely; 
the average of the instantaneoug values, 


TUESTICN #9. Compute fer maximum value of current. 4A lamp which tak: 
es sn alternating current of 6.45 ampere. 
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STION #10. How is Ohm's Law ap 
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“UBSTION 27. What are the symbols snd equations for s leading ; 
current? 
ANSWER #17. Formulae for leading eurrent: 
2 = Gm Sin g 
i = Im Sin (¢ plus 9) 
where: ¢ = voltage in asgrees. 
es phase betwesn Bm and Im. 


CUSSTICN #18. Compute by veetor: The angle of lesd of current is 
35°. Maximum current is 40 amreres. What is the cur- 
rent walue when the voltage is at the 35° point? 
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Jhnat is the esuse of eurrent? , 

reac ice use Li ing current 
in an rnating ew ie? RN Ge gs us that 
in @& tric cireu iing industence an em? 
will Quced, the of which will OPpo ce 
any in the fix produced Pam 
i rnating ou eult is i 
zg ere is aliw nf indue i 
pe continual < e "hen the 
+ ed emf onco he rise and 
le i the result of the emf divi 
bay refore, the current rise 6 
ths ise in voltage, And the sam 
rent liling. The direction of the 
th poses and tende to } 
of grea: he 3 ad eerie shone would 
an is e will lag »ehind 
the e t} @ oycle.e 


Compute: The maximum value cof the eurrent in an AC 
cirevit containing inductance only is £6 amperes. The 
average value of the voltage is 119 volts. What is 
the Induetive Heactance? 
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0h Ty as 287 
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Sormula: al « SBF 
mM Nak 3 
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wy = bay 
fede Zz 
Im x 637 
VIS 
cts eepewaaine HAR) ee 
substituting: 2l = —- m 637 
£6 20d! 


¥io = 7e18512 Chmse Ans. 


Nhat is inductive resctsnce? What is always the chase 
angle of current through inductive reactance only? 


Inductive reac e is the oppo ared to the 
flow of alter 1@ current by ricee It is 
measured in o , and has an ef: augsing the 
current to lag behind the voltas fn & clreuit con~ 
taining inductance registe negligible) the 
vhase angle of th se Aad ays be 90° behind 
the voltage. This os hecause the only voltage neces= 
sary is that requ-ired to cverceme the induced emf. 
The induced emf would be greatest when the eurrent 

was changing at the fastest rate. The current is chan- 
ging most rapidly when it is passing through the zero 
value therefore the voltage is at its greatest when 
the current is zero. Since the voltage attains ites 
maximum at a phase angle of 906° the current 3 

gero at the 90° angle. The voltage is least yh 
current is changing at its lowest rate. Sy inspecting 
a gine wave of current, it is seen that this happens 
when the current has a maximum value, so the voitage 
would be gero when the current is maximum. Since the 
current reaches its maximum at 180° (the voltage being 
at gero at 180°) it g t the current will leg. 
22° behind the volts the antire cycle. 


10 Millihenries. What 
ll be its reactance at a freauency of 500 cycles. 
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QUESTION #£6. Three condensers of 10, 20, and-40 mf cacitance ‘ 
espectively are placed in parsilel eee a 25 oycle. 
Ae cireuit, of 200 volts. what is the maximum current 
in the circuit? Whst would the current in the circuit 
be is the first and third condensers were hooked in 
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series? 
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OUESTION #£7. How does inductive reactance and capacitive reactance 
vary with changes in freauency? 


S27, Since the value of an ductive reactance in chms is 
equal to gpl times the frequency times the induetanece 
it is seen that the inductive reactance will increase 
in direct proportion to an increase in frequeneye. The 
value of capacitive reactance in ohms is egual to the 
sa he aaa of epi times the frequeney times the cava 

itance, so, it is ee that an inerease in fre- 
quency will decrease the pacitive reactenee and 
vice versa, 80, sepeeitive - vesatance varies inversely 


as the 2 2quencye 


SUESTION #28. What is reactance? Show symbols and express by an 
equatione 


ANSWER yeGe See next sheete 


id e 
NSWER #28. Continued, \ 


Beactance is the total oppusition offersd to a flow 
of alternating eurrent due to the induetance and 
capacity in a circuit. Reactance is expressed in 
ohms, like resistance, but this opoosition entails 
no loss of energy because it is due to 8 counter preg. 
sure and is net snalogous to fricticte Since the in= 
duetive reactance srroduces an opposition which is 
just the reverse of that produced by capasitive reac- 
Sance they tend to neutralize each other. The combin~. 
ead effect is the slgebrsic differerce between them. | 
X = Zl - Xe | 
Wheres xX = reactance in chs. 
“Ni = indvetive Eescuancs in ohmee 
Xe = canacitive reactsice in ohms. 


Tf the result is asennad She resultant effect is 
that of inductane eausing the ecnrrent te lag. Tf 
the result is Feats the effect is that of capaci-= 
tanee, g cnt te Lead, Although, the 
Fesult. 1s always reactance in ohms, not inductive 
pee if positive prevails, or sapracitive reac- 
tanee if negative prevails. ; 
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SSTION 7Fo9. Nhat is the reactance of a circuit containing 12 ohms 
inductive reactance in series with 15 ohms capacit- 
ive reactance? 
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This indicates that the result is 3 ohms reactance, 
which will produces an effect of capacitance, that is, 
wlll cause the current to lead the voltage. 


RSTION #50. What is the resctance of s 60 cyele AG circuit con- 
taining 10 mf? cspacitance in series with 0.6 henry 
ind@uctsnce? What current would flow in the circuit if 
vyoltsze was 120 volts? Draw vector diagram and deter- 
mine the value cf current when voltage is st the 310° 
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“UNSTION #34. What is the General Law for Alternating eurrent cir-‘ 
cuits: Show symbols and squations. 
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“YSSTION #35. Nhat current flows in an AC cireuit if 120 volts is 
applied to 6 ohms imnedsnce? 
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TUESTION #36. What voltsge would be recuired to force 7 amperes 
through 8 ohms impedance? 


F 
ANSWER #36. Formula: Lae 
a 


Substituting: fs 7 x 8 
Zs 56 voltse Ans. 


CUESTICN #37. Compute by egustion: Whst is the impedance in s ser- 

ies circuit contsining 30 ohms inductive resctsnce, 
35 ohms esracitive resctance and 16 ohms res sistance? 
Draw the circuit. 


: at z |; raainee nema asd 
SNSWER E37» Formulas: 4G = Yak eolus (XL we Ye)ys 
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25 16-76 ohm An 


Alternating Current circuit con! ustive 
Reactancs, Capacitive Resetance, and Resistance in 
Series, 


CUESTION #38. Compute by vector: A 60 cycle, 110 volt, AC circuit 
has 60 ohms resistance in series with 0.05 henry in- 
duetance and 50 mf caracity. Sind impedance and cure 
rent. Nhat wouid be the imredance if the frequency 
were reduced to £5 cycles and the canacitance left 
out of the circuit? 
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SUESTION #39. 


ANSWER #39. 


RUESTION #40. 


ANSWER  #40+¢ 


* QUESTION #41. 
ANSWER #41. 


What is the relation of the total current through a, ~ 
series circuit to the current through each part? 3.8 


The current through each part of a series circuit of 
an alternating current circuit is the same as the eur 
rent flowing throughout. This is exactly the same as 
in direct currente 


What is the relation of the total voltage drop to the 
voltage drops across the various parts of a series 
circuit? ; 


It is remembered that the total voltage in a series 
direct current circuit, is the algebraic sum of the 
voltage drops across each part of the circuit. This 

is evident when we consider that the voltage flowing 
in a circuit depends on the opposition offered to the 
flow of current and to the current flowing. And that 
the current is always im phase with the voltage be- 
cause there is no reactance in a direct current cir- 
cuit. But in an alternating current circuit the induce 
tive reactance causes the current to lag 90° behind 
the voltage and capacitive reactance causes the cur- 
rent to lead the voltage by 90° , so a voltage force= 
ing a current through reactance, is acting at right 
angles to a voltage forcing a current through resis- 
tance, so it is seen that these two forces acting at 
right angles to each cannot be added algebraically,But 
if we find their vector sum we have the total voltage — 
drop across the circuit, which makes apparent the rule; 
The voltage across a series combination equals the 
vector sum of the voltages across the separate parts. 


What is meant by Vector Sum? 


The length of the hypotenuse of a right triangle is | 
the vector sum of the lengths of the altitude and the 
pase. For instance if we wish to find the vector sum 
of a voltage drop across an inductive reactance and 

a voltage drop across a resistance, we draw a hori- | 
zontal line to any scale representing the voltage drop 
across the resistance (which is E ® IR), then from the 
left end of this horizontal line or at the intersect-e 
ion of the horizontal and vertical axes of the vector 


‘diagram we draw a vertical line upwards (upwards for 


induetive reactance and downwards for capacitive reac- 
tance) to the same scale as used to represent the vol- 
tage drop across the resistance, this time to repres 
the voltage drop across the reactance ( which is E=IX}) 
a perfect rectangle is then completed from the end of | 
the IR line and from the end of the IXl line, then a © 
diagonal line drawn from the intersection on the base | 
line to the opposite corner of the rectangle will re- — 
present the voltage drop across the resistance and the 
reactance, or the voltage drop across the impedance 
(which is E = IZ). The divergence of this IZ line from 
the base line (IR line) will represent the angle of 
the voltage when the current is zero (The IR line re- | 
presenting the phase angle of the current, the current 
always being in phase with the resistance. This shows | 
that the phase difference of a current flowing through; 


reactance and resistance is always less than 90°, 


QUESTION #42. The following pieces are hooked in series in an.Ac  § 
circuit. An inductive reactance, capacitive reactance . 
and resistance. The voltage drop across the inductive 
reactance is 15 volts, across the capacitive reactance 
35 volts and 15 volts across the resistance, What is 
the vector sum of the voltage drops? 


ANSWER #42, Computing by equation: Since the hypotenuse of a right 
triangle equals the square root of the sum of the squ- 
ares of the base and the altitude, and, since the res-= 
istance is represented by the base, and the reactance 
by the altitude, the impedance may be found by this 
same equation, or, better we can represent the voltage 
drop across the resistance by the base line and the 
voltage drop across the reactance by the altitude,then 
the hypotenuse will represent the voltage drop across 
the entire circuit: 


E Ea. plus Edy 


Es Ved; plus (Edy, - Edy,)2 
eat eee Gciar eee | 
BE = /152 plus (15 - 35) 
BE = /225 plus 400 
2 Be 0 0 
B= / 6'25.00'00 
Es 25 voltse Ang. 


Computing by vectors 


QUESTION #43. 


ANSWER 


3 


#43. 


QUESTION #44. 


ANSWER 


#446 


How is.the phase difference ina series circuit com= \ 
puted by equation when the values of the reactance and 
resistance are known? 


Trigonometry tells us that, when the length of the 
adjacent side and the length of the opposite side are 
known and the angle is desired, divide the opposite 
Side by the adjacent side and the result will be the 
tangent of the angle, look the tangent up in a table 
of tangents and the desired degree of angle will be 
found, Since the Reactance is represented by the op- 
posite side and the resistance by the adjacent side 

of a right triangle we need only divide the reactance 
by the resistance to find the fee difference between 
the voltage and the current, since we always represent 
the current as being in phase with the resistance and 
the voltage in phase with the impedance, 


e ~-a2e2X 
Formulae: Tan A > R 


Where: a = opposite side of right triangle. 
b = adjacent side of right triangle. 
X = Reactance. 

R = Resistance. 


If the Capacitive Reactance prevails and the Reactance 
line is drawn downward from the base line, the phase 
difference represents the current as leading the vol- 
tage by that amount. If the Inductive Reactance pre- 
vails and the Reactance line is drawn upward from the 
base line, the phase difference represents the current 
as lagging the voltage by that amount, rotation being 
counter clockwise in the vector diagram. 


A 60 cycle, AC circuit, consists of the following piec- 

es: 

(1} An inductance coil of 9 ohms inductive reactance 
and 8.2 ohms resistance. 

(2) A capacitive reactance of 2.5 ohms. 

(3) A 0.03 henry inductance coil with 0.4 ohms resis- 
tanec. 

(4) A 12 microfarad condenser. 

(5) An inductive reactance of 10 ohms with 40 ohms re- 
sistance. 

Find the voltage drop across the condenser if 2.5 amp~ 

eres is flowing in the circuit. Find the total voltage 

drop across the combination. What is the impedance of 

the circuit?. (Compute for phase difference and for im-= 

pedance by vector). 


Xl across (3) = 2pi f L 
Xl = 6.28 x 60 x .03 = 11.304 ohms. 


9 plus 11.304 plus 10 = 30.304 ohms. 
1000000 
6e28 x 60 x 12 


Total Xl 


Xe across (4) > 221.66 ohms. 


Total Xc = 2.5 plus 221.66 = 223.66 ohms 


(continued on next sheet) 
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ANSWER #44. Continued. 
fotal R = 8.2 plus 0.4 plus 40 = 48.6 ohms. 
X = Xl - Xe 


X ® 30.304 = 223.667 
X = 193.363 ohms (capacitive effect). 


ad = [Xe 


( Ed = 2.5 x 221.16 


Ed 


552.9 volts. Anse 


Computing by vector for impedance and phase difference: 


fy = HB ohms 


Scare: lem =20 ohms. | 


“Oueyo FEES = 


| 
| 
| 
| 


By vector, impedance = 199.4 ohms. Ans. 
By vector, phase 


difference= 75,8° (current leading) Ans. 


Total voltage drop across 


« the combination: 
BE2I1zZ 
Es 205 x 199.4 
E = 498.5 volts. Ans. 
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SUESTION #45. When is.a series circuit said to be in resonance? \ 


ANSWER 


#45. In an alternating current circuit, when the capacitive. 


SUESTION #46. 


ANSWER 


#460 


QUESTION #47. 


ANSWER 


#476 


reactance is equal to the inductive reactance, the cir: 
cuit is said to be in resonance. That is, the reactance 
is zero and a maximum current will flow. An increase | 
in frequency will decrease capacitive reactance and 
increase inductive reactance, therefore a circuit which 
is resonant (that is, offers least impedance) to one 
frequency will offer high impedance to a voltage of 
another frequency. 


What impedance does a series circuit offer to the cur- 
rent when it is in resonance? 


When a series alternating current is in resonance it 
will offer the least impedance to the flow of current. 
That is, it will allow a maximum current to flow. A 
combination of resistance and reactance will offer mo 
opposition to the flow of current than will resistance 
alone, and, since inductive reactance has an opposite 
effect than capacitive reactance, one will neutralize 
the other, so, if the inductive reactance and the capa 
citive reactance balance each other the resulting reae 
ctance will be zero and the impedance of the circuit 
will be the resistance. 


A series circuit has an inductance of 0.04 henry and a 
resistance of 2.5 ohms. How much capacitance must be 
added to produce resonance at 500 cycles per second? 
After the capacitance has been added to the circuit, 
how much more impedance will the circuit offer to ime 
pulses of a frequency of 200 cycles per second than to 
impulses of 500 cycles per second? 


Formula: Xl = 2pi f L 
X1 6.28 x 500 x .04 
X1 


12566 ohms. 


Xe 

1000000 

2pi fC 

1000000 

epi f C 

2pi f L 

1000000 % 1 

2pi fc 2pi f L 


1000000 


opie x #’ x Lx 


Moving "C" to left 1000000 _ 
side of equation: 2pie x fe xb 


For resonances X1 


Therefore; 2pi f L 


Transposing:; fe) 


: 


Multiplying: 0 


Cc 
4 


(Continued on next sheet) 4 
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ANSWER #47. Continued, 


AP, 


Square rooting both We 1000 
a ion: * 
sides of equation C epi x x?e?xVo VE 


Squaring both sides 
of equation: Cs 
. epi xfx YL 


Substituting: Cs 


( 
( 
( 
(1000 
ore x 500 x V2.0 


) 
) 
) 


1 
_ {1045 \ 


3el4 


(?] 
1 


i ok en SN 
2628 


(1.5921) ® 
2253478241 microfarads.Ans 


a a 
iT) “ 


The circuit would be resonant if this amount of capaci 
tance were added to the circuit. Since the circuit is 
resonant, the capacitive reactance equals the inductiv 
reactance. Therefore the resulting reactance is zero 
and the impedance of the circuit is equal to the resis 
tance: 2.5 ohms. 


At a frequency of 200 cycles: _ 
Xl = 6.28 x 200 x ,04 


X1 2 50.24 ohms. 


625 
625 
7 ieee é.Foa* 
Xo = ¢ 628 x x 2.53 : 


Xe = 313.49 ohms. 


X ® 50.24 = 313.49 
X #-263.25 ohms 


Zs VRe plus X* 
Bh ats gerne 
Z = V2.5" plus 263625 


Z = V6.25 plus 69300.5625 


(Continued on next gshaet) 


ANSWER #47. Continued. ‘ 


QUESTION #48. 


ANSWER #48, 


26 32 61 


Z = /6 93 06.81 25 00 


81 
24 
57 
58 


98 49 00 
52 65 21 


45 83 79 


25 
76 
526521 


@e ec ce ef 


2632261 ohms 
2.5 ohms 
260.761 ohms 


Impedance at 
Impedance at 


200 cycles: 
500 cycles: 


Therefore, amount of impedance added by changing freq- 
ency to 200 cycles is 260.761 ohms. Ans. 


What is the relation of the total current through « | 
parallel AC circuit to the currents through its branch: 
es? What is the voltage relation? 


In a parallel alternating current circuit, the total _ 
current is the vector sum of the current through each 
of the branches, The voltage across a parallel combina- 
tion is the same as the voltage across each branch of 
the combination, just as ina direct current circuit. 
To compute the total current in a parallel circuit, 
when only the values of resistance and reactance are 
known, assume a voltage, divide the voltage by the 
impedance of each branch by the impedance of each sep- 
arate branch. This will give the assumed current for 
that branch. Plot these resultant currents on a vector 
diagram according to their phase angle. For instance, 
if one branch of the parallel circuit contains induc~ 
tance only (resistance negligible) the assumed current 
would be plotted as lagging the voltage by 90° and, if 
another branch of the circuit contained pure capacit- 
ance, the assumed current would be plotted as leading 
the voltage by 90°, and, if a third branch contained 
resistance only, the assumed current for that branch 
would be plotted on the base line which represents the 
phase angle of the voltage, that is, the resistance is 
such that the current flowing through it is always in 
phase with the voltage. If these lines are drawn to 
scale, rectangles completed, and resultant diagonals 
drawn the result will give the value of assumed current 
flowing through the combination, and the amount of div: 
ergence of this current line from the base, or voltage, 
line will give the phase difference. If below the line’, 


lagging and if above the line leading, 


QUESTION #49. How is the impedance of a parallel AC circuit computed} 


~— 
Pr 


ANSWER #49. The General Law for Alternating Current circuits state: 


QUESTION #50. 


ANSWER #50. 


that the current flowing in an alternating current cir: 
cuit equals the quotient of the voltage divided by the 
impedance, therefore, the impedance is equal to the 
voltage across a parallel combination divided by the 
current through the combination. If the voltage is not 
known, the best rule is to assume a voltage. The im-=- 
pedances of each branch is found separately by method | 
explained under series circuits, at the same time find« 
ing the phase angle of the current through each parti-. 
cular branch. Then the assumed voltage is divided, in 
each case by the impedance of that particular branch, | 
and these values are plotted to scale on a vector dia-'§ 
gram, with the proper phase angle for each particular 
branch, After the rectangles are completed, the result« 
ant diagonal will measure to scale the value of the 
current flowing through the combination. Then it is 
only necessary to divide the assumed voltage by the 
value of current found to find the impedance of the 
combination (It is well to remmember to use the same 
assumed voltage throughout the problem). 


A capacitive reactance of a parallel AC circuit is 6 
ohms and a resistance is 4 ohms. What is the impedance 
of the circuit? 


Assuming a voltage of 12 volts: 


E s ie = 2 amperese 


Ie * X¢ 6 


Ir = E 2sigs 3 amperes. 
R 4 


The current through the capacitive reactance is at a 
90° angle to the current through the resistance. Plote 
ting by vector for the resultant current: 


Scale: 


lom = 4 amp. 


J. « 2amps. 


Ie = 3 amps. 


(Continued on next sheet). d 


ANSWER #50. Continued. . 


QUESTION #51. 


ANSWER 


#51le 


Checking by equation; 


Since the current through Xc is acting at right angles 
to the current through R, the resultant current can be 
found by triangle formula; 

c& 2 af plus pe 


Therefore; 1% « Ie plus Ir’ 


Vie2 plus Ir@ 
Vo2 plus 3e 


3-605 


I = /13,000000 


For impedance: 


and I 


Substituting: I 


E 
ie es & 
12 
Z = 3.6 
Z & 3.53 ohms, AnS, 


An inductive reactance of 9 ohms with % ohms resistane 
is placed in parallel with a 7 ohms resistor. What is 
the current through the circuit if the voltage drop 
across the circuit is 120 volts, 60 cycles, AC? What 
is the phase relation of the current and voltage? 


Computing by equation for impedance of first branch: 


2, = Vz,” plus x1,” 
Z, = V/92 plus Be 
1 Angle of lag thru 


first branch; 


Va =) x1 
al 7 eo Piue Tan 8 s R 
9,4 8 
Z1 = 90.0070 Tan @ = = = 3.0000 
Z1 = 9648 ohms. @ = 71.5667° lag 


Since the second branch contains resistance only, the 
impedance is equal to the resistance. 


Zo = 7 ohmSe Current in phase with voltage, 


We are given a voltage of 120 volts, but it simplifies 
calculation if we assume a convenient voltages; 


Assuming voltage of 9.48 x 7 volts: 
I =e, Ec = 9.48 x 7 
1” 4 9.48 


(continued on next sheet) 


= 7 amperes. 


ANSWER #51. Continued. ; eee ‘ 


= 9.48 amperes. 


Plotting by vector for resultant current: 


Tess VEG ames. £ 


Computing for impedance: 


E _ 9.49 x 7 ~ 16659 = 4.937 ohms. 
I >" ¥3.4 3.36 


Resultant current if voltage drop across circuit is 1207; 


BE. 120 


Ie=—_ = =—— = 24.3 amperes, Ans. 
I 4,937 = . 


Phase relation of the current and voltage through the 
combinations: es 


The current is lagging the voltage by 29.5° Ans. 


QUESTION #52. A parallel combination consisting of three branches, 
A, B, and C. Branch A consists of an inductive reactan 
ce of 40 ohms with 30 ohms resistance. Branch B has 70 
ohms resistance. Branch © contains a capacitive reac- 
tance cf 30 ohms and a resistance of 20 ohms, 

{a) What current flows thru the circuit if the come 
bination is placed across a 220 volt, 60 cycle, 
AC circuit? 

(vb) What is the phase relation between the voltage 
and current? 

{c}) What impedance does the circuit offer to the 
current? 

Draw the circuite 


(Answer on next sheet) - 


ANSWER #52. Continuede 


Xia AAs fe = BO-~n 


lb = TO ohms 


VRe plus 1,7 Tan 0, = Xla 
Zag = /30 plus 40 40 


Tan 


N 
~ 
iT 


@® 
~ 
a 


Za = ee un? Tan Og = 1.3333 
Za = [2500 | @_ = 53.1333° lagging 


Za = 50 ohms, 


Zp = Rp = 70 ohms. @,= O°, or "in phase" 
Ze = /z,* plus Xo,” Tan @e = 206 
Re 
Ze ® 208 plus 30° ens 30 
Tan 98¢ = 20 
Zg = (400 plus 900 


3 Gz f) 5 5 Tan Bo s 1.5000 


Y13*00,00'00'00 Qo = 5663167° 


Ze = 362055 ohms. 


N 
°Q 
u 


(| 
fits) 
a6 
Nit 
a“ 
rT) 
ay 
e 
rss 
ite) 
8 
cs: 
o 
i 
@ 
a 
e@ 


Ip = BE 2 = £20 = 3.1428 amperes. 
R 


I,= & , 220 = 6.1017 amperes. 
Zg 36.05 


I is equal to the vector sum of I. Ip. and I, 


(Continued on next sheet) 


ANSWER #52. Continued, Plotting by vector for resultant eres 


QUESTION #53. 


ANSWER 


#536 


Scate: lems tamp. 


(a) When combination is placed across a 220 volt, 60 
cycle AC circuit, the current flowing thru the 


circuit is 9.35 amperes, Anse 


(b}) The phase relation of the voltage and current is: 


The current leads the voltage by 9.5° Ans. 


(c) The impedance offered to the current by the circuit: 


Zo: E = 220 = 23.52 ohmse Ans. 
Bi 9.235 a 


A series parallel combination consisting of a series 
branch A which has 10 ohms resistanee and 4 ohms in- 
ductive reactance. Parallel combination made up with 
two branches B and C. Branch B has 8 ohms inductive 
reactance and 6 ohms resistance. Branch C has a resis=-' 
tance of 5 ohms and 7 ohms capacitive reactance. The 
voltage drop across the circuit is 220 volts. Draw the 
circuit. Find: . 

(a) Impedance of the combination. 

{b) Current through the combination. 

(c} Phase relation between voltage and currente 

(ad) Current thru branches A, B, and C. 

(e) Voltage drop across series branch: parallel. 

(f) Current thru branch B and ©. 


(See next sheet for diagram of circuit). 


ANSWER #53. Continued, \ 


Zp = Va," plus a Tan 6, = <1b 


Zp = Vez plus ae 8 | 
Zp = ¥36 plus 64 | 


ib: Tan @p = 1.3333 | 


Zp = VIO0- 8p = 53.1333° lagging. 
Zp = 10 ohmse 


Ze = VEo* plus Xeo® Tan @, = XC, 
Ze = V5* plus 72 
V25 plus 49 


8 6 0 2 Tan 6, = 


V74,00* 00" 60 


N 
Q 
1] 


N 
Qo 
90 


Although any voltage can be assumed, it is more conven-~ 
ient to assume a product of the two impedances: 10 x 
, 8.602: 


i. = 2. = x 8.602 = 8.692 amperese 
b = Zy : 


The current through the parallel branch is the vector 
sum of the current through each branche 


(See next sheet for vector diagram). 


ANSWER #53. Continued. | | \ 
Plotting for resultant current by vector: 


E 
E X Ye a= 5 S = 
Zhe = Tre z= 9 7e761 ohmse Sh. eee 
1.108 
554 “ | 
Za = VR,” plus X1,* Tan 6, = — 
a 
Zag = 10" plus a 4 
Za = V100 plus 16 
1077 Tan 0, = .4000 
Za = ViI6.0000 
Qa = 21,8° lagging 


Zg = 10.77 ohms. 


We have now resolved the series parallel circuit down 
to a simple series circuit, with two impedances in | 
series. AC laws tell us that the impedance of a series 
circuit is the vector sum of the separate segues 


(See next sheet for vector diagram). 


ANSWER #53. Continuede 


Plotting by vector for total impedance; 


(a) 
(bd) 


(c) 
(a) 


(e) 


(f) 


Scale: (em = 1g ohms. 


Impedance of combination: 18 ohms Ans. 


g - 220 
Current thru combination: I # Zr - “Te 


Is 12.222 ampse ANS. 
Phase relation: Current lags voltage by 10° Ans, 


Current thru A: The current throughout a series 


( 


; 


circuit is the same thru each part. 12.222 amps Ans 


Ed | 
Current thru B: Ip = be a = 9.4854 amps Ang 


ay 


Ba ; 
Current thru C: I, = C 2 942854 = 11,015 amps Ans 


Ze «8602 
Voltage drop in series branch: Ed, = IZ, 
Ed, = 12.222 x 10.77 
Ed, = 131.63 volts 


Voltage drop in Parallel: Ed), # TZh6 


Edpe = 12.222 x 7.761 


Edpg ® 94.854 volts Ans 


Current through the parallel combination is the 
same as the current through the whole combination 


being the vector sum of the currents in each branch 


of the parallel circuit, therefore, tue = 12.222 


~bhe = Leecce ap 


.UESTION 3 


UESTION #56. 


ce eee TP RTH C 


ope ‘ -s oe ae *s 
ub Gas Gb WHER e ea stoad, able ‘ 
BOS tt ae AT AT ares PNT 


Aga DAL LI CURRENT . 


Nhen is a psrallel A.C. circuit ssid to be in resonance? 


When the lagging component of current equals the leading 
component, the parallel circuit is said "iG be in regon~ 


ENS! 


Vhat impedance does it offer to the current when it is 
in resonance? 


When @ parallel circuit is in resonance it effers a 
maximum impedance te the flow of current, therefore, for 
a given voltage the current will be minimum. 


A parallel circuit consists of the following pieces: A 
resistance of 50 ohms and an inductive reactance of 30 
ohms in varallel with a resistance of 25 ohms and 4 ca-~ 
pacitive reactance which is unknowne ‘hat value must the 
capacitive reactance have at this frequency in order to 
produce resonance in the parallel circuit? 


(ob) If the 25 ohms resistance is left out of the capa- 
elitive branch, what value must the capacitive reactance 
have if the current through the combination is to be 
minimum when 1000 volts are applied? 

sister in 


aioe 5O chm re: induetive branch. 


he 

ZL = induetive reactance. 

he = 25 Om resistor in capacitive branch. 

Xe = gapacitive reactance. 

4] * impedance of inductive branch. 

fe mY 7 cof capacitive branch, 

Il = ourrent through induetive branch. 

Ig = current through capacitive branch. 

iy s instantaneous current through inductive brane 

ee _ " through capacitive branch. 
ri a7 - ee yy 

Zi = WR,” plus xX1° 

SL = YOOS plus B5« 

SL = Jo500 vlus 900 


a8 ‘ 
Lo os see OL ohme. 
a a a a 
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“UESTION #60. How does the phase angle affect the power in an A.C. \ 
circuit? 


ANSWER ’60¢ The phase angle of lag or lead of the current determines 

the poner eongumed. The mors the reactance in the cireuit 
. greater Will the phase an he e, and the greater the 
angie the legs will the rower be. This is evident when 
one considers that the power is oe rroduct of the 
voltage times the gurrent times the cosine ef the ang 
From & table cf cosines, it can be geen that when the 
angle is O° the cesine will be unity and thue the power 
will be maxinum, while as the angle increases the cosine 
decreases, thus "the power decreases. 
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CURSTION #61. An AC circuit is opersted at 85% power factor. hat is 
the relation between the voltage and the current? 


ANSWER £61. Power factor is always expressed in percent, ag the power 


in a oireuit where the curr fant is out of phase, is always 

gs certain pereent ef the Une eurrent, or the product 

of the effective pineal and ffectire ‘voltage. To change, 

the power factor expressed in % pack to s decimal, the | 
“4 4 & 


u bk is x 
cosine of tie ans ele, divide by 100. 


cos @ = mower factor in % 


LO0 
Pa 
cog 8 = Roe 
109 
gece 6 = ,85 


2 81-7835° Ans. 


Therefere, the current sither leads or 
by 31.7833 


CUESTION #62. There are 9 amperes flowing in an AC circuit under a 
sressure of £20 voltse If the current is leading the 
voltage by 35°, what would te the rower consumed in the 


circuit? 
ANSWER 702e Formula: Po = TIeesd 


220 x 9 x 9819 


a4 


PF ® [621.020 watts. Ans, 


CUBSTION #63. What is the resultant power in a circuit if the current 
leads or lags the voltage by 90°? 


ANSWER #63¢ If the current leads or lags the voitage by 90°, it in~ 
dicates that fhe eireuit contains pure cs peGa by or pure 
induetance, with negligibls resistance, thus there is n 
surrent in pnase with the voltage, and, Since the only 
t roused cr consumed is that used ts overceme resistances 
t power LS 2erde 
Porutla ; Po ® ElIeoss. eos 90° =O, 

Ee at = n t= Oe aliGe 
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QUESTION #64. A 0.15 henry inductance coil with 4 ohms resistance 
placed on a 60 cycle, 110 volt, AC circuit. What is 
vower factor? What power is consumed by the coil? 


ANSWER #64¢ Formula: Xl = 2eifh 


xX = 6.28 x 600 x 0.15 
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Tower factor = .07063 x 100 = 7,063% Ans. 
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